Changes in subcellular distribution of topoisomerase IIalpha correlate with etoposide resistance in multicell spheroids and xenograft tumors.
The outer cells of Chinese hamster V79 spheroids are about 10 times more resistant than monolayers to DNA damage and cell killing by the topoisomerase (topo) II inhibitor etoposide. Although the amount and catalytic activity of topo IIalpha are identical for monolayers or the outer cells of spheroids, and the cell proliferation rate is the same, our previous results indicated that phosphorylation of topo IIalpha is at least 10 times higher in V79 monolayers than in spheroids. Because phosphorylation of topo IIalpha has been associated with nuclear translocation, we examined subcellular distribution of Topo IIalpha in monolayers, spheroids, and xenograft tumors using immunohistochemistry. Topo IIalpha was located predominantly in the nucleus of V79, human SiHa, and rat C6 monolayers but was found mainly in the cytoplasm of the proliferating outer cells of spheroids formed from these cell lines. Conversely, the outer cells of WiDr human colon carcinoma spheroids showed predominantly nuclear localization of topo IIalpha, and only WiDr cells showed no increase in resistance to etoposide when grown as spheroids. Cells sorted from xenografts resembled the spheroids in terms of sensitivity to etoposide and location of topo IIalpha. When the outer cells of V79 spheroids were returned to monolayer growth, the rate of redistribution of topo IIalpha to the nucleus occurred with similar kinetics as the increase in sensitivity to killing by etoposide. Removal and return of individual outer V79 spheroid cells to suspension culture resulted in the translocation of topo IIalpha to the nucleus for the first 24 h, accompanied by an increase in sensitivity to DNA damage by etoposide. Therefore, the cytoplasmic topo IIalpha distribution in outer spheroid cells and tumors appears to correlate not with morphological changes associated with growth in suspension but rather with the presence of neighboring, noncycling cells.